During a 12-mo longitudinal study, bulk-tank milk was collected each month from organic (n = 17) and conventional (n = 19) dairy farms in the United Kingdom. All milk samples were analyzed for fatty acid (FA) content, with the farming system type, herd production level, and nutritional factors affecting the FA composition investigated by use of mixed model analyses. Models were constructed for saturated fatty acids, the ratio of polyunsaturated fatty acids (PUFA) to monounsaturated fatty acids, total n-3 FA, total n-6 FA, conjugated linoleic acid, and vaccenic acid. The ratio of n-6:n-3 FA in both organic and conventional milk was also compared. Organic milk had a higher proportion of PUFA to monounsaturated fatty acids and of n-3 FA than conventional milk, and contained a consistently lower n-6:n-3 FA ratio (which is considered beneficial) compared with conventional milk. There was no difference between organic and conventional milk with respect to the proportion of conjugated linoleic acid or vaccenic acid. A number of factors other than farming system were identified which affected milk FA content including month of year, herd average milk yield, breed type, use of a total mixed ration, and access to fresh grazing. Thus, organic dairy farms in the United Kingdom produce milk with a higher PUFA content, particularly n-3 FA, throughout the year. However, knowledge of the effects of season, access to fresh grazing, or use of specific silage types could be used by producers to enhance the content of beneficial FA in milk.
ABSTRACT
During a 12-mo longitudinal study, bulk-tank milk was collected each month from organic (n = 17) and conventional (n = 19) dairy farms in the United Kingdom. All milk samples were analyzed for fatty acid (FA) content, with the farming system type, herd production level, and nutritional factors affecting the FA composition investigated by use of mixed model analyses. Models were constructed for saturated fatty acids, the ratio of polyunsaturated fatty acids (PUFA) to monounsaturated fatty acids, total n-3 FA, total n-6 FA, conjugated linoleic acid, and vaccenic acid. The ratio of n-6:n-3 FA in both organic and conventional milk was also compared. Organic milk had a higher proportion of PUFA to monounsaturated fatty acids and of n-3 FA than conventional milk, and contained a consistently lower n-6:n-3 FA ratio (which is considered beneficial) compared with conventional milk. There was no difference between organic and conventional milk with respect to the proportion of conjugated linoleic acid or vaccenic acid. A number of factors other than farming system were identified which affected milk FA content including month of year, herd average milk yield, breed type, use of a total mixed ration, and access to fresh grazing. Thus, organic dairy farms in the United Kingdom produce milk with a higher PUFA content, particularly n-3 FA, throughout the year. However, knowledge of the effects of season, access to fresh grazing, or use of specific silage types could be used by producers to enhance the content of beneficial FA in milk.
INTRODUCTION
Bovine milk contains a large number of fatty acids (FA), some of which may be of potential benefit to human health, including polyunsaturated fatty acids (PUFA) in the n-3 (omega-3) FA group and the conjugated linoleic acid (CLA) isomer cis-9 trans-11 C18:2 (Jensen, 2002) . The principal n-3 FA in milk is α-linolenic acid (C18:3), along with smaller amounts of docosahexaenoic acid (C20:5) and eicosapentaenoic acid (C22:6). The n-3 FA have been linked to improved neurological function (Contreras and Rapoport, 2002) , protection against coronary heart disease ( Bucher et al., 2002; Hu and Willett, 2002) , and prevention of some forms of cancer (Rose and Connolly, 1999; Saadatian-Elahi et al., 2004) . It is recommended, therefore, that consumers increase their intake of n-3 FA, with an optimum ratio of 1:1 between n-6 and n-3 FA in the human diet, rather than the >10:1 ratio found in some Western diets (Simopoulos, 2002) . Additionally, increasing the overall total PUFA content of the diet is considered beneficial to human health with respect to reducing cardiovascular disease (Hu and Willett, 2002) . Conjugated linoleic acid has been shown to protect against cancers in vitro (Ip et al., 1991) , and has been associated with antiatherogenic and antiobesity functions (Whigham et al., 2000) . The FA profile of bovine milk depends both on the consumed FA and on biohydrogenation processes occurring in the rumen. Thus, many factors affect the FA composition of bovine milk, including breed (White et al., 2001) , season (Lock and Garnsworthy, 2003) , geographical location (Thorsdottir et al., 2004a) , access to fresh grazing (Hebeisen et al., 1993; Kelly et al., 1998) , grazing sward type (Hauswirth et al., 2004) , silage type (Dewhurst et al., 2003) , cereal feeding (Wijesundera et al., 2003) , and oil supplementation of feed (Grummer, 1991; Palmquist et al., 1993; Offer et al., 2001) . Recent work has shown significant increases in the α-linolenic acid (C18:3) proportion in the milk FA profile of cows fed clover silage (Dewhurst et al., 2003) . Milk certified to be organic under European Union standards might have a favorable FA profile with respect to n-3 FA, because many organic dairy farms utilize clover as a forage crop, both for grazing and ensiling. However, no large-scale longitudinal studies have investigated the effects of differences in management systems between organic and conventional farms within the United Kingdom on the FA profile of the milk produced. Several studies have investigated the effects of organic farming systems on the CLA content of milk, but results differ, with some authors reporting a higher CLA content in organic milk (Jahreis et al., 1996; Bergamo et al., 2003) , whereas others reported no difference (Toledo et al., 2002) . These studies have also tended to be small-scale and involved farms not representative of UK dairy systems. In the context of recent work to alter the composition of milk to provide a better source of PUFA and reduce the saturated FA (SFA) component (Chilliard et al., 2001; Voigt and Hagemeister, 2001) , it is essential to determine seasonal, herd-level management, and nutritional factors that affect milk FA composition, which will allow the formulation of recommendations for producers aiming to enhance the content of beneficial FA in milk.
The aims of this study were to 1) determine whether there is a difference in FA composition of bulk-tank milk between organic and conventional farms in the United Kingdom; 2) investigate which herd and nutritional factors affect FA composition on organic and conventional farms in the United Kingdom; 3) investigate the seasonal effects on milk FA composition in the temperate UK climate on organic and conventional farms in the United Kingdom.
MATERIALS AND METHODS

Milk Sample Collection
Nineteen conventional and 17 organic dairy farms located in northwest England and in Wales were recruited for the 12-mo longitudinal study. All farms were visited monthly from May 2003 to April 2004. At each farm visit, a bulk-tank milk sample was collected and farm production data were obtained by interview questionnaire and farm record analysis. Data included the previous month's milk production quality and the current herd management and feeding practices and were entered into a database (Microsoft Access, 2000, Microsoft Corp., Redmond, WA tank milk samples were collected into sterile 30-mL plastic screw-top containers after stirring the bulk tank for at least 2 min. All samples were frozen at −80°C until analysis. One organic farm dried off the whole herd for 2 mo; therefore, data were included for only 10 mo for that farm.
Sample Analysis
A total of 430 milk samples were transported on ice to the Institute of Grassland and Environmental Research Laboratory (Aberystwyth, Wales, UK) for analysis of FA content. This is a commercial laboratory where FA methyl esters were prepared and analyzed by gas chromatography using the method of Sukhija and Palmquist (1988) . Results were transformed to present each individual FA as a percentage of the total FA in the milk fat sample.
Statistical Analyses
Factors Affecting the Proportions of FA in Milk. Data were analyzed using Excel (Microsoft) and Minitab (Minitab Inc., 2003, State College, PA) software. Milk FA data were grouped into SFA, monounsaturated (MUFA), PUFA, total n-3, and total n-6 FA. Total n-3 FA comprised the sum of C18:3 (α-linolenic), C20:3, C20:5 (eicosapentaenoic acid), C22:5, and C22:6 (docosahexaenoic acid). Total n-6 FA comprised C18:2 (linoleic acid), C18:3-gamma, C20:3, and C20:4 (arachidonic acid). In addition, 2 important products of biohydrogenation of C18:2 and C18:3, the main CLA isomer C18:2 cis-9 trans-11, and vaccenic acid (C18:1 trans-11), were investigated. The overall mean and standard deviation (SD) proportion of each FA group type, CLA, and vaccenic acid were calculated as a percentage of the total FA content for both organic and conventional milk over the whole year.
To initially investigate farm system differences on milk FA proportions, the effect of farm system type (organic or conventional) was compared using a general linear mixed model (GLMM) approach including individual farm identity and month of sampling, where farm identity was nested within farming system type. Secondly, to enable other potentially confounding farm management and nutritional factors to be accounted for, the GLMM approach was revised and repeated to include additional factors as well as farm type, farm identity, and month. The following additional factors were investigated: cow breed, herd average annual yield, herd calving pattern, and monthly herd-level nutrition factors. Each factor was divided into factor levels and coded; with breed level according to the proportions of different breed types in the herd, herd (Table 2) . Individual herd-level and nutritional factors were first screened using a GLMM that also included farm identity as a random effect and month as a fixed effect to determine their significance on the proportions of the FA. All herd-level and nutritional factors significant at screening (P < 0.2) were carried forward to a final multivariable model. This model consisted of 
where = the overall mean FA group proportion, F i = the individual farm effect which was nested within HLF j the herd level factor, N k = the nutrition variable, M l = the month effect, and ε ijkl = the residual error term. Month was included as a fixed effect because it was intended to determine whether there were effects of specific months of the year on milk FA content. The data structure was hierarchical, with individual farms nested within the herd-level factors; for example, farms within farm type. All herd-level factors were included as fixed effects. Multivariable models were developed using a backwards elimination approach, with factors removed depending on the significance of the F-test for that factor. All possible, biologically plausible 2-way interaction terms were then tested for significance. For main effects and for interaction terms, significance was determined as P < 0.05 for the corresponding F-test. For factors remaining in the model, posthoc multiple comparisons of means for each factor level were calculated using a pairwise comparison method and the Bonferroni correction for multiple comparisons, where significance was defined as P < 0.05. To maintain the hierarchy of the variables if farm type (i.e., organic or conventional) and another herd level factor (i.e., yield) remained significant in the model, the 2 major factors were combined to create one factor. For example 'organic' + 'yield levels 1 to 4' or 'conventional' + 'yield levels 1 to 4'. This means that farm type can be compared at the same yield level; for example, low-yielding organic (organic + yield level 1) and low-yielding conventional farms (conventional + yield level 1). Results of the final multivariable analyses for the following FA groups are presented: SFA, PUFA:MUFA, n-3 FA, n-6 FA, vaccenic acid, and CLA.
Ratio of n-6 to n-3 FA in Organic and Conventional Milk. The ratios of percentages of these 2 groups of FA in individual monthly organic and conventional milk samples were calculated. A GLMM approach similar to that described previously was used to determine the effects of farm type (conventional or organic) and month, with individual farm identity as a random factor nested within farm type. Significance was ascribed to a factor if the P-value of the F-test was < 0.05. Posthoc factor level comparisons for the effect of month were calculated using a pairwise comparison method and the Bonferroni correction for multiple comparisons.
RESULTS
Mean Percentage of FA Groups in Organic and Conventional Milk over 12 Mo
The mean percentage of each of the FA groups in both organic and conventional milk averaged over the 12 mo of the study is shown in Table 3 . Conventional and organic milk did not differ with respect to milk SFA content, but conventional milk had a higher percentage of MUFA compared with organic milk (P < 0.01) and, conversely, organic milk had a higher percentage of PUFA compared with conventional milk (P < 0.01). The mean n-3 FA content in organic milk was approximately 1.7 times higher than in conventional milk (P < 0.01). There was no difference in the mean percentages of n-6 FA, vaccenic acid, or CLA in organic and conventional milk.
Factors Affecting the Proportions of Milk FA Groups
All coefficients for significant factors for each of the multivariable models for the FA groups are summarized in Tables 4, 5 , and 6. A positive coefficient indicates an effect to increase the FA proportion and a negative coefficient indicates a decrease in FA proportion.
SFA. There were highly significant effects (Table 4 ; P < 0.001) of both individual farm and month on the proportion of SFA in milk FA, wherein SFA proportions were higher (P < 0.05) in the fall and winter months (October-December) compared with the spring and early summer (March-June; Figure 1a ). The use of a TMR increased the proportion of milk SFA overall (P < 0.001), even during spring and summer (interaction P < 0.05). Feeding of both corn silage and whole crop increased milk SFA proportions (P < 0.05). Increased SFA proportions were also seen when white clover silage, red-clover silage, or grass silage were fed compared with no silage feeding (P < 0.01, P < 0.01, and P < 0.05 respectively). However, grazing of both grass and white clover swards were associated with a significantly lower milk fat SFA proportion compared with no grazing (P < 0.01).
Ratio of PUFA:MUFA
There were highly significant effects (Table 4 ; P < 0.001) of both individual farm and month on the ratio of proportions of PUFA to MUFA in milk FA. The ratio of PUFA to MUFA was higher in organic milk compared with conventional milk for the whole 12 mo (P < 0.001; Figure 1b ). In addition, a farming system × month interaction was observed (P < 0.05) in which the PUFA:MUFA ratio in conventional milk decreased between September and March (P < 0.001). Feeding red clover silage was associated with an increased PUFA to MUFA ratio compared with feeding grass silage (P < 0.01) and white clover silage (P < 0.001). However, when a high level of concentrate feeding inparlor was used, the ratio of PUFA to MUFA decreased (P < 0.001); this effect was also observed in association with red-clover silage feeding (P < 0.001).
n-3 FA. At the initial screening analysis, the proportion of total n-3 FA was affected by farm type, yield, and breed. Therefore, 2 models were constructed because it was not possible to combine all major herdlevel effects into a single model using the nested design approach (model 1 = farm type and breed; model 2 = Different superscripts indicate highly significant differences (P < 0.01) in FA group type between organic and conventional milk samples. farm type and yield). In both models, there were highly significant effects (Table 5 ; P < 0.001) of individual farm and month on the proportion of n-3 FA in milk FA, in which proportions of n-3 FA increased in April and August. Figure 1c shows the mean n-3 FA content in each milk type over the 12-mo period. In the farm type and breed type model (model 1), organic farms had a higher milk n-3 FA proportion compared with conventional farms of the same breed types (P < 0.01 for all comparisons; Figure 2 ). In both organic and conventional farms, mixed breed herds (level 4) had significantly higher milk n-3 FA proportions compared with other breed types (P < 0.01). Grazing of grass was associated with a higher proportion of milk n-3 FA compared with no fresh grazing or mixed clover grazing (P < 0.01 and P < 0.05, respectively). In contrast, use of a TMR or feeding high levels of concentrate inparlor were associated with decreased milk n-3 FA (P < 0.01). An interaction between the use of a TMR and the concentrate feed level was significant, wherein TMR use together with low levels of in-parlor feed was associated with a decrease in milk n-3 FA proportion (P < 0.001). Additionally, an interaction between the type of silage fed and the concentrate feed level inparlor was significant (P < 0.01), with combined feeding of red-clover silage and high concentrate feed inparlor associated with a decrease in milk n-3 fatty acid proportions (P < 0.05). With these interaction terms included, the overall effect of silage type as a main effect was not significant.
In the farm type and yield level model (model 2), organic farms had higher milk n-3 FA proportions compared with conventional farms of the same yield levels (P < 0.01 for all comparisons, Figure 3) . In conventional herds, the lowest yield level (level 1) had higher milk n-3 FA proportions compared with the highest yield level (level 4; P < 0.01). Apart from farm type and yield level, all factors and interactions were the same in this model as for the farm type and breed type model. n-6 FA. There were highly significant effects (Table  6 ; P < 0.001) of both individual farm and month on the proportion of n-6 FA in milk FA (Figure 1d ). Milk n-6 FA proportions were higher in March compared with September-December (P < 0.05). A significant interaction was seen between corn silage feeding and pit silage type (P < 0.01), where increased n-6 FA proportions were observed when corn silage was fed in conjunction with grass silage (P < 0.05).
Ratio of n-6 to n-3 FA. The mean monthly ratios of total n-6 and n-3 FA in organic and conventional milk samples are shown in Figure 1e . Organic milk has a highly significant, consistently lower ratio of n-6:n-3 FA throughout the year (P < 0.001) compared with conventional milk. All milk n-6:n-3 ratios were lower in the spring and summer (April-September) compared with the other months of the year (P < 0.01). The n-6:n-3 FA ratio each month in organic milk ranged from 1.27 to 1.90, and in conventional milk, ranged from 1.99 to 3.66. In organic milk the ratio was lowest in August and in conventional milk, the ratio was lowest in May.
Vaccenic Acid (C18:1 trans-11). There were highly significant effects (Table 6 ; P < 0.001) of both individual farm and month on the proportion of vaccenic acid in milk FA (Figure 1f ). An increase in vaccenic acid proportion was recorded in spring and early summer (April and May) and a second, lower peak occurred in late summer (August; Figure 1f ). Compared with fall and throughout winter (SeptemberMarch), the increase seen in April and May was highly significant (P < 0.01). The late summer peak in August dropped in September (P < 0.05). There was no effect of farm system type on the milk vaccenic acid proportion. Use of a TMR was associated with a decreased vaccenic acid proportion (P = 0.01). The effect of including silage type was significant overall (P < 0.01), with a difference seen between no silage feeding and grass silage feeding, in which milk vaccenic acid proportion increased G = Grass; GRC = grass and red clover; GWC = grass and white clover; GMC = grass and mixed clover. *P < 0.05; **P < 0.01; ***P < 0.001. in association with no silage feeding (animals were grazing only; P < 0.01). Grazing was a significant effect overall (P < 0.01), where grazing grass or white clover was associated with increased vaccenic acid proportions compared with no grazing (P < 0.05). An interaction between TMR use and pit silage type was signifi- For combined factors, significance value given for comparison of farm system type at the same level of the other part of the combined factor. Conv = conventional; HF = Holstein-Friesian; H = Holstein; F = Friesian; MB = mixed breed. Yield quartile levels: 1 = lowest to 4 = highest. 5 G = Grass; GRC = grass and red clover; GWC = grass and white clover; GMC = grass and mixed clover. *P < 0.05; **P < 0.01; ***P < 0.001. 3 G = Grass; GRC = grass and red clover; GWC = grass and white clover; GMC = grass and mixed clover. *P < 0.05; **P < 0.01; ***P < 0.001. cant (P < 0.01). Use of a TMR was associated with lower, more consistent proportions of vaccenic acid, especially when used in conjunction with access to fresh pasture (P < 0.01).
CLA. There were highly significant effects (Table 6 ; P < 0.001) of both individual farm and month on the proportion of CLA in milk FA (Figure 1g) . A seasonal effect was seen with increased CLA proportion in the early and late summer (April, May, June, and August). The peak CLA proportions in April and August were significantly higher than proportions found in January-March and October-December (P < 0.01). There was no effect of farm system type on the milk CLA proportion. Use of a TMR and feeding whole crop was associated with a decrease in milk CLA proportion (P < 0.05 for both factors). Feeding of both grass silage and white-clover silage was associated with lower milk CLA proportions (P < 0.01 and <0.05, respectively)
Journal of Dairy Science Vol. 89 No. 6, 2006 compared with no silage feeding (animals were grazing only). An interaction with the use of a TMR and forage type was observed (P < 0.001 for overall effect), where TMR use in association with no conserved silage feeding (i.e., grazing only) was associated with a lower milk proportion of CLA.
DISCUSSION
A number of factors were shown to affect the fatty acid content in milk. Firstly, organic milk had a higher proportion of PUFA and n-3 FA, and this effect of farming system remained significant even after accounting for some potentially confounding management and nutritional factors in the analyses. Secondly, a highly significant effect of month on the proportions of FA groups in both organic and conventional milk was observed in the multivariable models. Thirdly, a number of specific nutritional factors, such as TMR use, in-parlor concentrate feeding level, or silage type were seen to affect milk FA composition. Finally, individual farm variation affected the milk FA composition confirming large variability between individual farms.
Organic milk contained a higher proportion of PUFA and n-3 FA compared with conventional milk, whereas conventional milk had a higher proportion of MUFA, with these differences maintained over the duration of the study. This is the first study to consider a crosssection of UK farms over a 12-mo production cycle, and supports the hypothesis that organic milk has a higher n-3 FA content compared with conventional milk. Previous studies showed that experimental cows fed red and white clover silages produced milk with increased α-linolenic (C18:3) content compared with cows fed grass silage (Dewhurst et al., 2003) . Organic farms utilize clover more extensively than conventional farms as a forage crop, which may, in part, explain the main finding from the current study, of increased n-3 FA content in organic milk. However, the farm system differences remained, despite accounting for a number of nutritional and farm-level management effects; this suggests there are, as yet unaccounted farming system factors affecting milk FA composition. More detailed investigation of concentrate composition or subtler sward-type variation than that accounted for in these analyses are factors that will need to be investigated further.
The n-6:n-3 FA ratio was lower in organic milk compared with conventional milk, being closer to the suggested optimum n-6:n-3 FA ratio in the human diet of 1:1 (Simopoulos, 2002) . Conventional milk from Iceland has been reported to have a higher n-3 FA content and a lower mean n-6:n-3 ratio (2.10:1) compared with milk from 4 other Nordic countries, where the ratio averaged 4.70:1 (Thorsdottir et al., 2004b) . In the same study, a positive association between increasing milk n-6:n-3 FA ratio and the prevalence of type-2 diabetes and mortality due to coronary heart disease was found. Milk enriched with n-3 FA favorably alters the plasma fat content of volunteers, reducing the concentration of fats associated with increased risk of cardiovascular disease (Visioli et al., 2000; Baró et al., 2003; Carrero et al., 2004) . Organic milk samples in this study had n-6:n-3 ratios even lower than those reported from Iceland (Thorsdottir et al., 2004b) . There is now a strong need to verify a benefit to human health following consumption of low n-6:n-3 ratio (organic) milk.
In all samples, SFA decreased over summer, whereas PUFA and n-3 fatty acids increased in summer. The month effects most likely reflect changes in the composition of the grazed swards. Clearly, this is likely to occur gradually over time, rather than sudden changes from month to month. However, milk samples were only collected once per month and these samples are seen as fixed points of interest representing an underlying continuous process. The decrease in SFA proportion in the summer months is most likely to be due to a decrease in intake of long fiber combined with an increase in the PUFA content of fresh grazed swards during summer grazing in the United Kingdom. This would reduce the SFA precursors, acetate and BHBA, with de novo synthesis accounting for almost all C4:0 to C14:0 and approximately half of C16:0 fatty acids (Grummer, 1991) . Fresh pasture contains a high percentage of unsaturated fatty acids, with α-linolenic acid (C18:3) being the predominant n-3 FA in fresh grass pastures (Dewhurst et al., 2001) . Peak milk PUFA and n-3 FA proportions in the spring and early summer seen in this study coincide with changes in the grass composition occurring at these times in the United Kingdom (Dewhurst et al., 2001) .
Other farm-level variables such as herd average yield and breed affected the FA proportions in milk. Increasing herd yield on conventional farms was associated with a decrease in proportion of milk n-3 FA. High-yielding cows are fed high energy density concentrate feeds, which may differ in their FA content, thus affecting milk FA composition. This, combined with a change in rumen fermentation patterns in high-yielding cows as well as a genetic difference compared with lower yielding cows, both within and between breeds, may cause variation in specific FA in milk (Peterson et al., 2002; Calus et al., 2005) . In addition, the presence of mixed breed cows in the study herds increased the content of n-3 FA in milk in both organic and conventional systems. This is a potentially important area, especially in the organic sector, because one of the principles of organic farming is to utilize native breeds rather than use animals with high production intensity, such as high-yielding Holstein cows.
There was no difference in the percentage content of the major CLA isomer in bovine milk, C18:2 cis-9, trans-11, between organic and conventional milk. This contrasts with the earlier work of Jahreis et al. (1996) and Bergamo et al. (2003) who reported a higher content of CLA in organic milk. The current study included a much larger sample size of herds compared with the study by Jahreis et al. (1996) , which included one organic herd studied in Germany. The study in Italy conducted by Bergamo et al. (2003) reported on the analysis of processed cows' milk samples from 2 organic sources. The current study concurs with the work by Toledo et al. (2003) , which reported no difference in CLA content between organic and conventional milk. That study was conducted over 12 mo on 31 farms in Sweden; therefore, the scale of the study and farming systems in Sweden are more directly comparable with the study described in this paper. This highlights the importance of repeated studies of sufficient sample size in differing countries, to represent local management practices. However, the milk content of both CLA and vaccenic acid, which are intermediate products of biohydrogenation of FA in the ruminant, was strongly related to the month of sampling, in which the proportions sharply increased in the spring and summer months. This is most likely to be due to access to fresh pasture, which concurs with previous work showing increased milk CLA content in cows at grass (Kelly et al., 1998; Dhiman et al., 1999; Agenä s et al., 2002) . Again, an effect of TMR use was seen, in which a combination of TMR use and fresh forage decreased the milk proportions of these 2 FA. Thus, comparison of organic and conventional farm management systems must take into account seasonal and nutritional factors because these may be responsible for potential differences in FA composition between organic and conventional milk. It is of interest that differences were seen in n-3 FA content, but not in the CLA content of milk, from the 2 management systems. This may suggest differences in FA biohydrogenation and metabolism occurring in cows in the 2 types of systems.
It is estimated that approximately 50% of bovine milk fat is synthesized from plasma lipids, of which 88% are from dietary origin (Grummer, 1991) ; therefore, changing the diet can have major effects on the milk FA content. Of the nutritional factors included in this study, 6 factors (use of TMR, grazing type, silage type, supplementary corn silage use, whole-crop use, and level of in-parlor feed) affected milk FA composition. Use of a TMR affected milk FA composition throughout the year, increasing SFA proportions, and decreasing PUFA, n-3 FA, CLA, and vaccenic acid proportions. Correct feeding using a TMR is expected to increase the long fiber intake of cows, resulting in increased SFA and decreased PUFA in milk. The effect of grazing fresh pasture or eating conserved forage affected all the FA groups. Generally, grazing of fresh grass and feeding of red-clover silage increased the milk PUFA, n-3 FA, CLA, and vaccenic acid proportions. Interestingly, grazing swards had different effects on milk SFA and n-3 FA proportions compared with the consumption of silage made from the same sward type. Thus, conserved and fresh forages may be metabolized differently by the rumen microbial population. This finding necessitates further research on the optimum grazed sward and silage type for an improved FA profile on organic and conventional farms. In this study, no independent measurements of clover type and percentage in the sward were conducted. Thus, there is a need to obtain further detail regarding sward types produced and consumed, including details of the cutting and reseeding practices to identify the optimal grassland management practices in both organic and conventional systems which will lead to milk with an improved FA profile.
The data presented here are proportions of FA contributing to the total milk FA content rather than absolute quantities, because this corrects for potential variation in the total fat content of the milk samples analyzed. Using this method of data presentation, we would expect a change in proportion of one FA group to be mirrored by effects on the proportions of other FA. However, this should not affect direct comparisons of specific FA proportions in different milk types at the same time points; for example, comparing organic with conventional. Also, the use of the ratio of PUFA:MUFA reduces the number of nonindependent FA comparisons in these analyses. Due to the hierarchal nature of the data, modeling of all the variables affecting milk composition is very complex and these analyses were by necessity simplified. There are some areas in which factors are not completely independent, but instead represent a complex outcome resulting from differences in breed and feed management on the farms. Thus, farm type, yield, and breed are all interconnected but the simplified structuring of the data allows summarization and interpretation.
CONCLUSIONS
Milk FA composition is affected by farming system, with organic milk consistently having a higher proportion of PUFA and n-3 FA, as well as a lower n-6:n-3 ratio. Additionally, there are several key seasonal, farm management, and cow nutrition factors that affect milk FA content. Despite accounting for management and feeding variables, an "organic" and a "conventional" effect was seen for some FA groups. This is important at the retail level, because "organic" or "conventional" labeling is one of the only differences that consumers can currently determine. There is limited identification of other herds or other processed milks with different feeding or processing strategies, some of which may not be desirable to consumers. Further studies to investigate the "organic effect" in more detail will enable the implementation of management practices that will improve milk FA composition across all systems.
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